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(54) A 3'-end modified nucleic acid probe, suitable for hybridization and detection via 
fluorescence 

(57) A nucleic acid probe which is a single-stranded 
nucleic acid complementary to a specific nucleic acid 
sequence and is labeled so as to give off a measurable 
fluorescent signal on hybridization with a nucleic acid 
containing the specific nucleic acid sequence, wherein 
the 3* end of the probe is modified as represented by the 
following formula (1): 



H 2 

■c- 



(1) 



CM 
< 

CM 

in 

CO 



wherein R is -COOH, -CONH 2 , -(CH 2 ) n OH, -CH(OH)- 
CH 2 OH or - CH[(CH2) n -NHRi]-CH 2 OH, R, is H, a dye. 
or an amino-protecting group such as Fmoc, and n is an 
integer of at least 1. 
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Description 

[0001] The present invention relates to a nucleic acid probe useful in the field of clinical diagnosis such as gene 
diagnosis and in the field of exploration of unknown genes and a method for qualitative or quantitative assay of a DNA 

5 or RNA containing a specific nucleic acid sequence as a target nucleic acid using the nucleic acid probe, 

[0002] Qualitative or quantitative assays of a target nucleic acid containing a specific nucleic acid sequence (antic- 
ipated) in samples require high specificity, like assays of biogenic components. In assays specific for a target nucleic 
acid, a single-stranded oligonucleotide (a nucleic acid probe) which is complementary to a specific nucleic acid 
sequence in the target nucleic acid and sequence-specifically binds to the regional specific nucleic acid sequence in 

io the target nucleic acid is used. 

[0003] In assays of a target nucleic acid using a nucleic acid probe, it is common to link the nucleic acid probe to a 
spectroscopically detectable label which enables detection of the hybrid sequence-specifically formed between the 
nucleic acid probe and the target nucleic acid. Assays of a target nucleic acid using a nucleic acid probe also require 
high detection sensitivity. Especially, for example, in clinical samples for diagnoses of infectious diseases such as blood, 

15 target nucleic acids from viruses such as HCV and HIV are usually present in trace amounts. Therefore, use of a nucleic 
acid probe labeled with an enzyme together with a chemiluminescent substrate of the enzyme and use of a nucleic acid 
probe linked via a linker to a fluorescent intercalative dye which intercalates into base pairs of a double-stranded nucleic 
acid have been proposed. 

[0004] In recent years, it is common to amplify a target nucleic acid by PGR (polymerase chain reaction) or the like 
so in advance and then hybridize a nucleic acid probe with the amplified target nucleic acid with a view to increasing the 
sensitivity. Specifically, because a fluorescent intercalative dye-labeled nucleic acid probe as mentioned above charac- 
teristically obviates the need to use a support for separation of the unhybridized target nucleic acid from a mixture of a 
target nucleic acid and a nucleic acid probe in conventional assays of the target nucleic acid, the presence of such a 
fluorescent intercalative dye-labeled nucleic acid probe during an amplification reaction such as PCR makes it possible 
25 to measure a target nucleic acid during or after the amplification in a sealed vessel without addition of any reagents dur- 
ing a series of operations from amplification to measurement and obviate the possibility of contamination of other sam- 
ples by aerosol generated from a sample in hand (JP-A-8-211050, Japanese Patent Application JP1 0-1 86434, EP-A- 
714986). 

[0005] The above-mentioned amplification by PCR or the like in the presence of a nucleic acid probe produces an 

30 excellent effect of enabling assays in sealed vessels, which were impossible by conventional methods. However, cus- 
tomary amplification in the presence of a nucleic acid probe is accompanied by elongation of the nucleic acid probe 
from the 3* end, which can lead to a recognizable signal from the label even in the absence of the target nucleic acid. 
[0006] For DNA amplification by PCR, it is known to introduce one or two bases in the 3' end of a nucleic acid probe 
uncomplementary to a target nucleic acid (JP-A-8-21 1050). But in the case of amplification of an RNA as the target 

35 nucleic acid comprising synthesis of a DNA complementary to the RNA using a primer and a reverse transcriptase 
along the RNA as the template, DNA elongation from a promoter primer partly complementary to the resulting comple- 
mentary DNA triggered by their hybridizatioixand subsequent large scale production of the target RNA by the action of 
an RNA polymerase on the resulting double-stranded DNA, it has been found that use of such a nucleic acid probe can 
result in a signal, though weak, from the label due to DNA elongation from the 3' end of the nucleic acid probe during 

40 the reverse transcription. 

[0007] The object of the present invention is to provide a nucleic acid probe which does not undergo DNA elonga- 
tion from the 3' end during nucleic acid amplification involving synthesis of a complementary nucleic acid using a target 
nudeic acid as the template such as the above-mentioned DNA and RNA amplification. Another object of the present 
invention is to realize nucleic acid amplification in the presence of a nucleic acid probe by using the nucleic acid probe. 

45 [0008] In order to achieve the above-mentioned objects, according to Claim 1 of the present application, the 
present invention provides a nucleic acid probe which is a single-stranded nucleic acid complementary to a specific 
nucleic acid sequence and is labeled so as to give off a measurable fluorescent signal on hybridization with a nucleic 
acid containing the specific acid sequence, wherein the 3' end of the probe is modified as represented by formula (1). 
[0009] In order to achieve the above-mentioned objects, according to Claim 2 of the present application, the 

so present invention provides a method for qualitative or quantitative assay of a target nucleic acid containing a specific 
base sequence, which comprises amplifying the target nucleic acid in the presence of a single-stranded nucleic acid 
probe complementary to the specific nucleic acid sequence which is labeled so as to give off a measurable signal on 
hybridization with a nucleic acid containing the specific nucleic acid sequence and measuring the amplified target 
nucleic acid hybridized with the nucleic acid probe during and/or after the amplification, wherein the 3' end of the single- 

55 stranded nucleic acid probe is modified as represented by formula (2). 

Fig. 1 is a scheme showing preparation of compounds obtained in Example 1 . 
Fig. 2 is a scheme showing preparation of compounds obtained in Example 1 . 
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Fig. 3 is a scheme showing preparation of compounds obtained in Example 2. 
Fig. 4 is a scheme showing preparation of compounds obtained in Example 2. 

Fig. 5 shows the results of the measurement in Example 3. The fluorescent intensity of the positive sample (solid 
circle) showed a time-dependent increase while the fluorescent intensity of the negative sample (solid square) 
5 scarcely increased. 

[0010] TTie nucleic acid probe of the present invention can be present during the after-mentioned procedure for 
nucleic acid amplification. A target nucleic acid can be measured with the nucleic acid probe of the present invention 
after or during amplification of the target nucleic acid. 

10 [001 1] The assay of a target nucleic acid is based on detection of the nudeic acid probe hybridized with a target 
nucleic acid. Therefore, the nucleic acid probe of the present invention has a spectroscopically detectable label such as 
an enzyme, a luminescent substance or a fluorescent substance. A fluorescent irrtercalative dye is particularly prefera- 
ble as the label because the above-mentioned detection can be accomplished in a sealed vessel during or after ampli- 
fication of a target nucleic acid. 

is [001 2] Though any intercalate dye such as oxazole yellow, thiazole orange, ethidium bromide and acridine orange 
that changes its fluorescent characteristics on intercalation between base pairs in a double-stranded nucleic acid can 
be used without any particular restriction, thiazole orange or oxazole yellow is particularly preferable in view of the eas- 
iness of detection because they enhance their fluorescent intensities markedly upon intercalation. Use of a fluorescent 
irrtercalative dye as the label makes it possible to detect the target nucleic acid as described above without using a solid 

so support for separation of the hybridized nucleic acid probe from the unhybridized nucleic acid probe. 
[001 3] The intercalate dye is linked to the nucleic acid probe via an appropriate linker. 

[0014] The nucleic acid probe of the present invention is characterized by the 3' modification represented by for- 
mula (1) wherein R is -COCH -CONH 2( -(CH^d-l, -CH(OH)-CH 2 OH or -CH[(CH 2 ) n -NHR 1 ]-CH 2 OH, is H, a dye, or 
an amino-protecting group such as Fmoc (9-fluorenylmethyloxycarbonyl), and n is an integer of at least 1 . 
25 [001 5] Preparation of the nucleic acid probe of the present invention will be explained by taking a fluorescent irrter- 
calative dye-labeled nucleic acid probe as an example. Firstly, a DNA oligomer complementary to a specific nucleic acid 
sequence in the target nucleic acid is synthesized by a DNA synthesizer by using a solid phase represented by the fol- 
lowing formula (3) or (4) as a starting material. 



-30 O 

H 2 || ... 
R 2 O C C O X CPG [ ^ } 
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45 



wherein R 2 is a hydroxyl-protecting group such as a DMTr (4,4 , -dimethoxytrityl) group, CGP is a support such as Con- 
trolled pore glass or silica gel, and X is an arbitrary linker, 



■C- R 4 — O C X CPG < 4 ) 



wherein R 3 is a hydroxyl-protecting group such as a DMTr group, R4 is "(CH^-, -CH(OH)-CH 2 - or -CHKCH^n-NHRsj- 
CH 2 -, R5 is H, a dye, or an amino-protecting group such as Fmoc, n is an integer of at least 1, CGP is a support such 
as controlled pore glass or silica gel, and X is an arbitrary linker. 

[0016] The arbitrary linker, X, in the above formula (3) or (4) may be any compound that is unsusceptible to the 
so reactions carried out in the DNA synthesizer without any particular restriction. 

[0017] After the DNA synthesis, the DNA oligomer is released from the support with a modified 3' end represented 
by the following formula (5) by conventional treatment with 28% ammonia or the like with accompanying deprotection 
of nucleic acid bases and phosphate groups. 

ss 
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H 2 

■c- 



(5) 



wherein R is -COOH, -CONH 2 , -(CH 2 ) n OH f -CH(OH)-CH 2 OH or - CH[(CH 2 )n-NHR 1 ]-CH 2 OH, Ri is H, a dye, or an 
amino-protecting group such as Fmoc, and n is an integer of at least 1 . 
io [0018] Then, the resulting DNA oligomer is linked to a fluorescent irrtercalative dye in accordance with JP-A=8- 
211050 or EP-A-714986. 

[001 9] The presence of the nucleic acid probe of the present invention during amplification of a target nucleic acid 
is suitable for measurement of the target nucleic acid during and/or after the amplification. The nucleic acid probe of the 
present invention is the most effective in amplification involving DNA synthesis or reverse transcription into DNA using 

15 a target nucleic acid as the template, such as DNA amplification by PCR through elongation of primers along a target 
nucleic acid (DNA) as the template by the action of a DNA polymerase, or amplification of an RNA as the target nucleic 
acid comprising synthesis of a DNA complementary to the RNA using a primer and a reverse transcriptase along the 
RNA as the template, DNA elongation from a promoter primer partly complementary to the resulting complementary 
DNA triggered by their hybridization and subsequent large scale production of the target RNA by the action of an RNA 

so polymerase on the resulting double-stranded DNA. 

[0020] There is no particular restriction on the method for RNA amplification mentioned later as long as it involves 
DNA synthesis or reverse transcription into DNA using a target nucleic acid as the template, though various methods 
such as the NASBA (Nucleic Acid Sequence-Based Amplification) method, the 3SR (Self-Sustained Sequence Repli- 
cation) method and the method disclosed in Japanese Patent Application JP1 0-1 86434 may be mentioned. 

25 [0021] As described above, the presence of the nucleic acid probe of the present invention during the above-men- 
tioned amplification makes it possible to detect and quantify the target nucleic acid during or after the amplification of 
the target nucleic acid. In this case, because it is possible to conduct a series of operations from amplification to meas- 
urement of the target nucleic acid without addition of any reagents from outside, it is possible to complete all the oper- 
ations in a closed state once a sample, the necessary amplification reagents and the nucleic acid probe of the present 

30 invention are put into a reaction vessel. 

[0022] Now, a mode of carrying out the present invention will be described by referring to Examples. However, the 
present invention is by no means restricted to these Examples. For base numbers of HCV RNA, the base numbers of 
HCV cDNA disclosed in Kato et al. (Proa Natl. Acad. Sci. USA (1990) 87, 9524-9528) should be referred ta 

35 EXAMPLE 1 Preparation of 3*-Glycolic acid modified nucleic acid probe (Fig. 1 and Fig. 2) 

(1) Preparation of DMTr-Glycolic acid (Compound 1 in Fig. 1) 

[0023] DMTr-Glycolic acid was prepared from Glycolic acid (0.078 g, 1.03 mmoi). Glycolic acid was dissolved in 2 
40 ml of DMF and stirred together with diisopropylethylamine (0.55 ml, 3.16 mmol) and DMTr-CI (0.382 g, 1.13 mmol) at 
room temperature overnight. The reaction solution was concentrated to dryness and purified through a silica gel column 
to give 0.249 g of DMTr-Glycolic acid (Compound 1) as intended in a 64% yield. 

(2) Preparation of DMTr-Glycolyl-CPG (Compound 2 in Fig. 1) 

45 

[0024] Trichloroacetic acid in methylene chloride was passed through a column packed with DMTr-dC CPG (1 nmol, 
Perkin-Elmer) to remove DMTr groups. The column was washed with anhydrous acetonitrile, loaded with DMTr-Glycolic 
acid (Compound 1 , 0.104 g, 0.275 mmol) and carbonyldiimidazole (44 mg, 0.27 mmol) in 1 ml of THF, then sealed and 
left overnight. After the reaction, the column was washed with THF and treated with acetic anhydride and methylimida- 
so zole-THF for acetylation of the unreacted hydroxyl groups to give DMTr-Giycoiiy-CPG (Compound 2). 

(3) Preparation of 3'-Glycoiic acid modified nucleic acid probe (Compound 5 in Fig. 1) 

[0025] A synthetic oligonucleotide (Compound 4) of SEQ ID NO:1 was prepared by using compound 2 prepared 
55 above (DMTr-Glycolly-CPG) as the solid phase and CG amidite dimer (Compound 3) and G, C, T amidites as the start- 
ing materials by a DNA synthesizer (Perkin-Elmer, DNA synthesizer Model 391). In SEQ ID NO:1, a linker is linked 
between the cytosine and guanine at the 5th and 6th positions from the 5* end. 

[0026] The resulting oligonucleotide of SEQ ID NO:1 was eluted with 28% NH 4 OH from the CPG column and 
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heated at 60° for 2 hours for deprotection. The resulting synthetic oligonucleotide (Compound 5) was purified by HPLC 
(TSK gel ODS-1 20T, Tosoh Corporation) and lyophilized. Yield 18.2 OD, 159 nmol. 

[0027] As shown in Fig. 2, Compound 5 (18.2 OD) thus obtained was dissolved in 50 jil distilled water and mixed 
with 50 *d of 0.2 M Na 2 HP0 4 and 100 ^il of 5% SPDP (N-succinimidyl-3-(2-pyridyidithio)propionate)/DMSO solution. 
5 After 2 hours of standing at room temperature, the reaction solution was diluted with 0.5 ml of distilled water and 
washed with chloroform. The aqueous layer was concentrated, desalted by gel filtration and purified by HPLC (TSK gel 
ODS-1 20T, Tosoh Corporation) to give Compound 6. Yield 2.4 OD, 21 nmmol. 

[0028] Compound 6 (2.4 OD) was lyophilized. and the residue was dissolved in 200 til of distilled water, mixed with 
20 ni of 1M Tris-HCI (pH 5.1) and 20 nl of 1M DTT (dithiothrertol) and allowed to stand for 30 minutes. The DTT-treated 
10 reaction solution was mixed with a 200 |il portion of a solution of Compound 7 (1 mg) in a mixture of 200 pJ of DMF, 600 
jil of distilled water and 200 \i\ of 0.5M Na 2 HP0 4 (pH 9.5) and allowed to stand at room temperature for 1 hour. The 
reaction solution was washed with butanol and concentrated, and ethanol was added to precipitate the crude product. 
The precipitate was purified by HPLC (TSK gel ODS-1 20T, Tosoh Corporation) to give 3'-Glycoiic acid modified fluores- 
cent probe (Compound 8) as intended. Yield 0.43 OD, 3.74 nmol. 

15 

EXAMPLE 2 Preparation of 3'-Glycerol modified nucleic acid probe (Compound 12) (Fig. 3 and Fig. 4) 

[0029] As shown in Fig. 3, a synthetic oligonucleotide of SEQ ID NO:2 (Compound 9) was prepared by using DMTr- 
Glycerol-CPG (0.2 nmolx2, Peninsula Laboratories, Inc.) as the solid phase and above-mentioned Compound 3 and G, 

20 C, T amidites as the starting materials by a DNA synthesizer (Perkin-Elmer, DNA Synthesizer Model 391). In SEQ ID 
NO:2, a linker is linked between the cytosine and guanine at the 5th and 6th positions from the 5* end. 
[0030] % The resulting oligonucleotide of SEQ ID NO:2 (Compound 9) was eluted with 28% NH 4 OH from the CPG 
column and heated at 60° for 2 hours for deprotection. The resulting synthetic oligonucleotide (Compound 10) was puri- 
fied by HPLC (TSK gel ODS-1 20T, Tosoh Corporation) and lyophilized. Yield 3.75 OD, 33 nmol. Among the 13 bases in 

25 the synthetic oligonucleotide of SEQ ID NO:2, the 1 1 bases from the 5'-end are complementary to the after-mentioned 
target nucleicacid. 

[0031] ^ As shown in Fig. 4, Compound 10 (OD 3.75) thus obtained was dissolved in 50 *il distilled water and mixed 
with 50.jiLof 0:2 M Na 2 HP0 4 and 100 *il of 5% SPDP/DMSO solution. After 2 hours of standing at room temperature, 
the reaction solution was diluted with 0.5 ml of distilled water and washed with chloroform. The aqueous layer was con- 
30 centrated, desalted by gel filtration and purified by HPLC (TSK gel ODS-1 20T t Tosoh Corporation) to give Compound 
1 1 . Yield J3.10OD, 0.87 nmmol. 

[0032] -i-r Compound 11 (0.11 OD) was lyophilized, and the residue was dissolved in 200 til of distilled water, mixed 
with 20 nl of 1M Tris-HCI (pH 5.1) and 20 jxl of 1M DTT and allowed to stand for 30 minutes. The DTT-treated reaction 
solution was mixed with a 200 |il portion of a solution of above-mentioned Compound 7 (1 mg) in a mixture of 200 \i\ of 
35 DMF, 600 \j\ of distilled water and 200 H of 0.5M Na 2 HP0 4 (pH 9.5) and allowed to stand at room temperature for 1 
hour. The reaction solution was washed with butanol and concentrated , and ethanol was added to precipitate the crude 
product. The precipitate was purified by HPLC (TSK gel ODS-1 20T, Tosoh Corporation) to give 3'-Glycerol modified 
nucleic acid probe (Compound 12) as intended. Yield 0.018 OD, 0.16 nmol. 

40 EXAMPLE 3 

[0033] The following procedure for HCV RNA amplification at constant temperature was done with a positive sam- 
ple (containing a standard HCV RNA as the target nucleic acid (a RNA consisting of bases 1 13 to 267 in HCV RNA)) 
or a negative sample (not containing the target nucleic acid) in the presence of a fluorescent intercalative dye-labeled 
45 nucleic acid probe (Compound 8), and the change in the fluorescent signal was measured. 

[0034] 18.25 \x\ of a reaction solution having the following composition was poured into each PCR tube. 

1 .20 jil 1 M Tris-acetate (pH 8.1) 

0.40 pJ 1 M magnesium acetate 
so 1 .88 nl 2M potassium acetate 

8 00 \i\ 60% sorbitol 

0.60 pi DMSO (dimethyl sulfoxide) 

3.00 nl 100 mM DTT (dithiothreitol) 

1.50 ul 20 mM dATP, dGTP, dCTP and dTTP 
55 0.30 jil 20 *iM promoter primer (SEQ ID NO:3; containing bases 1 13 to 137 in HCV RNA) 

0.30 til 20 |iM antisense primer (SEQ ID NO:4; single-stranded oligo DNA complementary to bases 248 to 267 in 

HCV RNA) 

1.07 |J deionized water 
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[0035] 50 pJ of mineral oil was laid over the reaction solution, and 4 \i\ of the standard HCV RNA (1000 copies/4 pi) 
as the positive sample or TE buffer as the negative sample was added. Then, reaction was carried out at 50°C for 5 
minutes. After the reaction, 5.25 fil of a reaction solution having the following composition was added. 

s 3.40 pi 50 U/jil SP6 RNA polymerase 

1.24 |il 34 U/jil AMV reverse transcriptase 

0.15 nl 20 mg/ml BSA 

0.46 p\ 130 U/nl RNase inhibitor 

10 [0036] Subsequent to the addition of the reaction solution, reaction was carried out at 50°C for 5 minutes. Further, 
1 .50 \x\ of 20 mM of ATP, GTP, CTP and UTP were added each, and reaction was carried out at 50°C for 5 minutes. 
Then, 1 .00 \i\ of 0.75 *iM 3'-Glycolic acid modified nucleic acid probe (Compound 8), and the fluorescent intensity was 
measured by a fluorescent detector (excitation wavelength; 490 nm t emission wavelength; 510 nm) at 5-minute inter- 
vals starting from the addition of ATP, GTP, CTP and UTP. 

15 [0037] The time course of the fluorescent intensity thus obtained is shown in Fig. 5 (a). With the negative sample, 
the fluorescent intensity scarcely increased during the 120 minute* measurement, while with the positive sample, the 
fluorescent intensity began to increase at about 50 minutes and reached a plateau at about 100 minutes. 
[0038] For comparison, the same procedure was done with a nucleic acid probe obtained from the synthetic oligo- 
nucleotide of SEQ ID NO:5. The results are shown in Fig. 5(b). The probe used for comparison is the same as above- 

20 mentioned 3*-Glycolic acid modified nucleic acid probe except that it has a different 3'-end sequence and is not modified 
at the 3' end. 

[0039] Fig. 5(b) shows that with the probe which is not complementary to the target nucleic acid at the 3' end and 
is not modified at the 3* end, though the fluorescent intensity of the positive sample showed a time-dependent increase, 
the fluorescent intensity of the negative sample as the background fluorescence increased during the 120 minute 1 
25 measurement. 

[0040] These results demonstrate that in amplification of a nucleic acid in the presence of a fluorescent intercalative 
dye-linked DNA probe, a nucleic acid probe having a ^-modification like 3'-Glycolic acid modification is effective to 
improve the sensitivity and precision by preventing amplification of the nucleic acid probe itself or reducing the back- 
ground signal. 

30 [0041 ] By virtue of the chemical modification at the 3* end, the nucleic acid probe of the present invention does not 
undergo nucleic acid elongation reaction from the 3* end even if it is present during amplification of a nucleic acid involv- 
ing synthesis of a complementary nucleic acid using a target nucleic acid as the template such as DNA or RNA arrpli- 
f ication. Therefore, once the reagents necessary for amplification of a target nucleic acid and the nucleic acid probe of 
the present invention necessary for measurement of the target nucleic acid are put into a reaction vessel, it is possible 

35 to complete all the operations while keeping the reaction vessel sealed. Consequently, it is possible to assay a target 
nucleic acid with high specificity and sensitivity without the possibility of contamination of other samples due to gener- 
ation of aerosol by combining the nucleic acid probe with various methods for amplification of a target nucleic acid. 
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SEQUENCE LISTING 

< 1 1 0 > T0S01I Corporation 

<120> Nucleic acid probe 

<130> 2 1 0 - 9 7 5 7 

<1B0> 4 

<210> 1 

<211> 13 

<212> DNA 

< 2 1 3 > Artificial Sequence 
<2 20> 

< 2 2 3 > Synthetic oligonucleotide 



< 4 0 0 > 1 

ctcgcggggg ctg 
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<210> 2 

<2il> 13 
< 2 1 2 > DNA 

< 2 1 3 > Artificial Sequence 
<220> 

< 2 2 3 > synthetic oligonucleotide 
<400> 2 

ctcgcggggg ctg 
<210> 3 
< 2 1 1 > 50 
<212> DNA 

< 2 1 3 > Artificial Sequence 



30 <220> 

<223> Promoter • primer 



<400> 3 

atttaggtga cactatagaa tacaacctcc egggagagee atagtggtct 50 

< 2 1 0 > 4 

<211> 20 

<212> DNA 

< 2 1 3 > Artif i cial Sequence 



so < 2 20 > 

< 2 2 3 > Antisense • primer 

55 
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<400> 4 

gcctttcgcg acccaacact 20 

<210> 5 

< 2 1 1 > 16 

< 2 1 2 > DNA 

< 2 1 3 > Artificial Sequence 
<2 20> 

< 2 2 3 > Synthetic oligonucleotide 
<4Q0> 5 

ctcgcggggg cttttt 



Claims 

1 . A nucleic acid probe which is a single-stranded nucleic acid complementary to a specific nucleic acid sequence and 
35 is labeled so as to give off a measurable fluorescent signal on hybridization with a nucleic acid containing the spe- 
cific nucleic acid sequence, wherein the 3' end of the probe is modified as represented by the following formula (1): 



H 2 

■c- 



(1) 



wherein R is -COOH, -CONH 2 , -(CH 2 ) n OH, -CH(OH)-CH 2 OH or - CH[(CH 2 ) n -NHR 1 ]-CH 2 OH, R t is H, a dye. or an 
45 amino-protecting group such as Fmoc, and n is an integer of at least 1 . 

2. A method for assaying a target nucleic acid containing a specific base sequence, which comprises amplifying the 
target nucleic acid in the presence of a single-stranded nucleic acid probe complementary to the specific nucleic 
acid sequence which is labeled so as to give off a measurable signal on hybridization with a nucleic acid containing 
so the specific nucleic acid sequence and detecting or quantifying the specific nucleic acid by using hybridization of 
the amplified target nucleic acid with the nucleic acid probe during and/or after the amplification, wherein the 3* end 
of the single-stranded nucleic acid probe is modified as represented by the following formula (2): 



H 2 

C R 

(2) 
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wherein R is -COOH, -CONH 2 , -(CH 2 ) n OH, -CH(OH)-CH 2 OH or - CHt(CH 2 ) n -NHR 1 ]-CH 2 OH, R 1 is H, a dye, or an 
amino-protecting group such as Frnoc, and n is an integer of at least 1 . 
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